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energy x—ray machines.

The x—ray dose received by a backscatter radiographed objec t is

significantly less than tha t need ed to create a conventional radiograph.

This is especially important in medicine where  several backscatter

examinations can be conducted for a dose level less than a single

conventional examination.

The ultimate practicality of this system cannot yet be judged . The

cost of any new imaging device must be justified by its effectiveness in

d1a~nosis. Also a broad area of application would he necessary to

offset the expense of an additional x—ray thaging technique .

The next logical step in this research is to evaluate the system in a

clinical environment to see if the backscatter technique will produce

images of diagnostic significance. This requires both medical and

eng ineering expertise to properly evaluate a possible new imaging

system .
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b’ichscar I c r  i”i.vtes ” ;ith tHio~ t ube .  T hi s  c u r  r e n t  l eveh  could only be

r 2 , ’ic !xi”I h” o r i c r a t i n ’~ th~ ca thode  it “in e leva ted  tenpenat’ir e .

T’) e”iourt t ’i t ’ie tuhcs  u s u a l l y ‘Ic not  use o~’:ide filanents , c1loosinc~ in st ead

t ’ ; n ’n t i ’n  f i l , ’ir i en t s , which  ;to not n e l so n  ‘‘ut hav e sho r t e r  l if e

‘5. tnlnsr iissi ’m tn r ’~et L’a s i n i ti a l l y  t r ied  in the t u b e.  The x — r a v s

“r oduc o ’l  w it h  th i s  tyn e  of t a r ; e t , t r • ’i nso it  t h rou c~h the car ’~et rietal and

nas ’; oi t ~ t h r ou r ~h the f r on t  of  the t u b e .  The ad v an t a ;e  of t h i s

c o n fj ~ un ’i t i o n  is tha t  e lectron bean fo cus thc~ is eas ier  than  us irv a

tilted refiection t ar ~~o t .  It also has ~eonetnic fac tors in its favor.

The ~c.-x~ intensity at the o ut p u t  a p e r tu re chaup,es non e  in a r e f l e c t i o n

tar-~et since the t.’ir”~et to aperture distance variation is -‘,reater. The

r e f l e c t i o n  tar ’~e t  was used because  of i t s  hi~ h cr  ~t—r av  ou t p u t .  The t uh e

~ oi:e~~ is L in it cd  by cite vacuun achieveable dunia~, opera t ion .  Th i s

r e s t r i c ts  the h i ’~h ‘.‘o~~ta’~e th a t  can he app l i ed  to the tub e wi thou t

i n ter n a l  arc over bet ’~ieeri the elenen ts .

— 

~la~~n e ti c  d e f l e c t i o n  of t he  c l e c tn an  bean ‘-las ~cconp l i shed  b y dni ’~itv

a sneci .’il d e fle c t ion coil na’Ie b” C t L~ fl L’IC • The r as te r  ‘~ener a tor

,~~~ 
s i ieri the cu r r en t to the  d e f l e c t i o n  coil tbrou ”~h 10 anpere  pox/e r

5’in~ l i fi e r s .  The avai lab le  a np i t f i er s  were only canab le  of d r i vin e  th e

h o r i z o n ta l  scan at  4t :TTz . This  neans t h at  a na~:inun scan r a t e  is about  ~

f r a n c s  per second f o r  a 12~ l ine  ir ,a’~e. ni~~h er  fronir ’x ’~ rates could  ‘ e

at t a i ne d  if few er  scan lines are  neeri e~~.

The ‘~— r a ; ’ rube  was enclosed in an ‘I” lead lined pine which was cappe’l

a t  e i th e r  end .  .1 cu tou t  in the bach allowe d coo l an t and v a cu t t ~
‘ c o nn e c t i o n s .  The x — r a y  bean passes out t hr o u ’~h a snail lead a p er t u rn ,

t”~~icat l -’ Inn to 2nrt in diane t~~r , on the s ide of the tube.  It di’,er’~es

to cover a 4 inc h squ a re  area -i ” out  5 inches awn” fro ’i th e  sh ie ld  h od” .
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‘5, sj ” ~” l .~ “,e’ “ie’ t t t C  r~’l i t t s ’n s b i ~~ hol  ~~ for tb, ,ir ’~x o f  t.ar~ et sc.-i n n ” ’ I

t t i x , ’ r - i ~~r o  r st z&’ at in” ‘I is t ,i n c t ’ f t  ‘‘1 the  ant ’ r V i i i ’ , ’
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‘ L ,  t h e  t i n t e r  lj n t ” , ’ir  dj ’i c n s i c ’ i  at the  o”’ c c t  “lane , P.1 is  t h e

‘ i nbc  le to oh oc t  ‘~ i s t i n c e  , “2 is t h e  t a r -~c t t o  p i n h o le  d in t .  . ic , cx ’ , “O~ 1 ,

— the  t ar ~, ct  I i n e ; i r  d i ’nens  i on .

The sc i n t i l l a t I o n  d e t e c to r s  f o r  the  p r o j e c t  were “al ,’ fron narts
U

“ eco ,xi ’ :o s’ ’n ” i e r c i ’,l d et e c to r s  CI  t i e ’ r e’c’t i i r e ’’i i r o n  x ’or su s  t a i c h n u ’s~ we re

i i i ~~f i c x i l t  to f1n51 . ~c I i i t i l  l at i on  d c r e c r 5 ’cs ‘core c o n st r u c t e d  r r o n

thaI Iii~ ‘act I~~~ t s ’ :h so ~i ix - i  I ’ l l  10 c r v c t , a l b l . ’ iu ih : s  p u r c h a s e d  f r 5 ’n “:i r sl i , i~.’

~ c i e nt i t  ic Co .  The c r ”n t , i l s  wer e c o t i n i e l  to IT!l ‘~~~~~~~
‘
~ 

i ,j i l .i 1 i c a t h o d e

“h ot  ,~r’xt 1, tip l l i ’ t tuh cc . Tb. ,’ crvst  - i s i a -nc  1 / ‘‘ t ’n i  c ’It b ‘.‘ ~~
“ square .in I

wo r e  t’nc as ’J  ‘~i thi n — r i ”  t r , i i x s” . ir e n z  “cr ” I h u n  “ot a l  wi :idow ~ on th e

cr ’ ,’sr, i h f , - i i ’c.  The sc~~t t t 1 l I a t o r  c r ” n t - x l s  w o r e  t h i c k  onou ’’, i’, s o  t h i t  t ’it ’v

j o  11’’ were ’ IflOh ’h e f f  ic [Cot  I n  s t a r  u n ” , and ‘tetectiiv ~ ~t—r :m”s in V b x ’

n or  s’.’ r an  is , ’ I • Tb. ,,‘ de t ‘c tar resnorise t i , x— rail l Ot  ion  ‘ s I lot ’ it’ and

t i ’ n h o t , ”nx l  t i ” h j e r  tub e s  p r ov i de  h i ’~h ‘t : lin  at ’ ~‘er”  l ’x: n o i se .

~~
, ,~~~~~~ ,,~~~~~~~
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“.—r avs are ‘~eneratcd by bonb,nr’Iin’, a neta], tar~ et with hi ’~b speed

electrons. A s’ectrun of radiation is “reduced extendin” fren zero

e l / c t  r an  “o lt s  u~ to the ac ce l or at i r ~c’, p o t o n t i a l  , i nnh i e ’l  to t h e  t ube .

Th e ~:— r n ’ ,’ s p e c t ra l  d i s t r i b u t i o n  t ou5’ard th e  lox ~ enerpies is partl’i a

result of hi ’,h s p ee d  electrons sud~h r~rly decelerati-ii’, around the nucleus

of ‘in aton w i t h  r a d i a t i o n  of lon~ cr tiav e1en~ ths r i’,’cn off. This

radiation is cal l ed  ‘r e nss t rah l un 9  or h r a k i n~ ra d i a t i o n  and is na in ly

r e sp ons ib l e  f o r  the ~r ide spectrum of ‘<—ray nachirtes.

~‘,h a r a c t er i s ti c  r a d i a t i o n  f ron  the t a r~~et  n a t e r ia l  c o n t r i b u t e s  to I ij ~ h

i r , t e n s it  sp e c t r a l  pen~~s. The nean or e f f e c t i v e  energy  of the

n — r a d i a t i o n  is consi -ler ab l ’r b e lo w  the acce l e r at iop  r o te nt ia l  of the

tu b e .  The e f f ec t i ” e  ener ~~y is often taken as one ha l f  the  p ot e nt i a l

n a n h i o d  to the t ube .  L

“can f i l t r a ti o n  b y t h in  pieces of r ietal  can ra ise  the macan e f f e c t i v e

ene:~~v ‘a’.’ s tonp in” ,  the lowe r component s  of the  bean . Sone high ener”,y

p h o t o n s  are  s topp ed  in the  process h u t  in a lower p r o p o r t i o n  th an  the

lox’ e re r ’~y f l u x .

The ~e ner a tio n  of x— r a y s  is a very  i n e f f i c i e n t  process.  Less than

one p e r c e n t  of the t o ta l  power consumed is siven o f f  as x—ra’;s . The

r e s t  is d i s s i p a t e d  as h e a t .  The e f f i c i e n c y  of x—ray  produc tion ~oes un

w i t h  accelerati ’v ’,  vo l t a ’~e and a tonic  nunber of the t ar ’~ct. The am ount

of x—ra’y f l u x  ‘~enerated is

R= ~V I Z

‘ where  P. is the photon flux in units of ‘
~oen t~ ens per ~inmi t~~, is a

constant , ~‘ is the tub e ,acceleratinc~ vol t,i~ e, I is  the tub e i~~ ’b.’i

cu r n e n t , and Z is the  a ton ic  nunber  of the  t ar ,’,et.

Li-’ 
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s t i ” t  ‘.,‘ - I e t , m  I Is in tn ,’ ir ’o ’’e 11 ~~w i~~o is ,l,’”eadent on thi ~ : i c i sc

unc e’ t’ t .i I a t  ~‘ . 1: or e’sanp 1 c 1 ‘~~ ‘h~’ t ‘n cv on t s conp r i so a at ~~~~‘ 1 , ~

~
, , —
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ii~’Is’ tifleor t m l’m tv I’. t~YI. ‘~na1 let x ’ l i , i i i ~’, i ’s t hin t h i s  in the ’ c o n t r a s t  ~i f

the I: - 1 ,i~~e • ‘ l e ’ri e n t  u’e no t  r e s o l v ab l e  tiut ’ to the 1,tr’,or st,ettsttc ,ml,

v a r  i i t  Ion in the  - l e t  ‘ct Ion process

A h .ic ~~~~~~ ,tt or ina”~’ ~ S~ 1 joe’; by 2 ~~tu points ~e r lint’ wi tlt 10

percent noi ,~
;,,’ uncertainty requires -t total of ~.Sxt ’~

h p hoto n events

c ~‘ruar is i no, the irm,u’ o • i S iS oh out t lie h o  I Si,’ l~”~’ ~ 1 of scene of the

tel a t i v e lv  - i C t ’~~ pen e t r a t i o n  hackscatt,a r radle-;raphs. A noise

uncert ainty of ton ti-nec tess (1  p e r c e n t) , however , requires a hundred

t in e s  ‘acre ph o t on s , F .Sx1 1~~. T h i s  noise  l ev e l  i~. very good and

r ’ ’ i i ’h l  v the m~~ ”,e is  a 1” mari c : m a e r o  p i c t u re  bu t  it I eSm ;er resolution.

‘Pm ,’ n ’i” ih ’r of  d e te c  ted ( ‘v o m i t s  in  hac ksc~~t t er  ion”, t o” ,  is  de p e n d e n t  on

the i n t” n s  I t v  of  I n c i d e n t  he , mma f l u x  • w h ich  is in t i m  dependen t on the

be.m ,’mm , t p t - r t u r e  d 1,ioeter  and co i l  j e t  t i o n .  The x — r a y  lxix pass i ’m ” , t h rough

aim . mnx ’rtmi r e Is proportional t o  the  squ , ir e  o f  i t s  d ian e t er .  The si’~nal

to no ice rot in ch .mu ”,ec as th e  s q uar e  r oo t  of tIfl’ flux so the pie t ar e

n n a I I t v  inp r ov e s  in d i r e c t  p r op o r t i o n  to the a p e r t u r e  ~1 i , mmmme t e ’r .

1 SC i nn  In’~ process , t he  n u:nher of plio tons in each  i o a ’ , e- c ien ent  is

depe nt len  on hot : I ~‘im c’, the inc j d eot  b ’e , ima dwe l is on the  e l e m e n t .  1,o n” ,cr

dw . ’l l  t i ne s  tncre ~m sx’ phot on statistic s for t h a t  po int and rx’,iuc e th~

I so I t ’V el . Th is r cs;i[ t c I i i  I ~‘tm ~’, er t lee to c tea te the  i:ia”, t’ • The

i.i factor in the  dOO 1 ity ~‘ .i hacks ,’. at  ter ira”,c’ is t h e  “t ic t ical

h i m  t t  - I V  ~~O 0 0 se non  t :‘,c’, t ime • TIme irma ’, e to ice cami h e dcc ron sod hi’-’

tr od i i ’, off t o  so I ut ion , or cc ann xn~’, t [ma t’

Tho ul tinat ,’ re’soiut,jon is o , ovo r n& ’ I , to some ‘xtcnt , by t h e ’

b r i ~’ ,h t n esm ; of t h e  ~— r a v  source. T h i s  refers to the nax inmun t o n ~11nm in

w at t s / nm 2 m u d  is  no t  the  sane ‘is the  s ’m.m ,s inum tube  powe r d i s s i p a t i o n .

The s—ra ys “,eoer,ited 1w .i f o c a l  spo t 1,mr;er than the ,m r e a  int~’rceptc mi 1w

~A i  
_ _ _ _ _  _ _ _  _____________ 
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t h e hi ’ s— i col lm ” ,imo r i re ’ x ’ n s t t ’d s in c e  t h t ’ v I r e  ; m i ’ t  “ ;m r , ilhI ’ j to Vi:, ’

cci :‘~.‘.r ‘r ‘or: t i t i ‘le not  ~‘n er  so  t I ; r u i i ’ t t :  I ~~ i’ ,’rV un i ’

~: — r ~~’.’ t t ,h o ’ :  cx ’il c, ’ t t i t j t C  ~m l~ “OL’ e’t  t u t u  t ’ m . ’ sn~~h i o s t  poss ’. ’i l c  sm”ot.

‘The’ ‘ I”,: : m t  j on he - ‘me ’ It ~~~ of hi ,‘ ‘S— rO\’ t , i r ’ . e ’  t • Tvn t C  :11 f t  ‘ < c i  t or’’, et

x —  rn ’ ’  t i:’ ‘ ‘i 
t5j ~~~i,. I “.: Ii ‘ps of .id’ ou t  1 I~d Wa t s / ar m • “ o -‘cm x ’ r b a -4  ii i ’

c cc a ’  t ~h i ’, • e ~~,;e 1; m m :  hi I ~‘b:~’ r ;‘owe m ’ — r i ’.’ . l i’ hi in em ;  , V he ’ fa c~~ 1 sm’o t

j u s t  ‘ o h m ;  to x’,et 1 m r ’ - . ’r

~~o t a t  in ’ ’  , i im c i , ’ x—r t’ ’ t u bes  h a v e ’  a t~~r’’,et tdm ic hi L’s a sp i rm n i m u x ’  d i s k .

T h i s  -y ’re.td s t 5c 5, c , m t  ove r .m l i t  ‘or  ar ci m l  p er n i t s  I o a d i r ” , s up to I

h i1 - ”-.’,itt ’”m”i~ . “ c ‘:—r t”  n : i c h m l a x ’ ‘ i c e- i  in  t ’ : i s  r o s a a r c : i  cud i f ‘cal,

s:sit o~ ‘b.’:” “v 1’’” ‘‘ i :b. a ‘,axi,ui;rI b n i ~, : m m -  of “ m ’~’ x : O t t c  coot i ’ i ; i i u s  d u t y ,

I,’., i ’-’ ‘u t  t i  ‘ - ‘ ,as ’. n u - m  l, ’ m d i ’i” of j O~~ ‘, . ‘ , i t t s/ ~~ri for f i~~~-~ ann -he

~:j ’ ,~ t h i s  loa f is’., it was found t h a t  bean m o e r t u r t ’ s  o u c h

. ‘ .m 11cr m u m  il’ m o m  t ook  too  iOfl”, to cr eam c an u ; ’ ’ e nt a re  ,m s n n , i ” Ic

:‘,o S,’ l ev e l .  - ‘ r ’ t , m t i ; i - ’ ,  :u m m o d e  ‘.‘ — r . i ’ ,’ t ube ~~ a ‘list iru ct ;udvant-; ”e In

~‘~~“- or  ~~~‘ m : r ,’, .  ~“~~‘ ? r ’ 1 )  Ion is t h t i t  t h , ’se tubes are  inte :”ii  V t e nt  ~i U t\ ’ ,

.1:1 1 cOi’ m V  i anon ;;  ‘c ’m, ’o r J [ S m ;  j  “ it ‘ion is not “t ic h h a r p  or  t h a n  the f t  : o h  m u d  e

t a ” ‘’ :;

‘~ m - ; b : t ’r em s ~‘ m ’ ’v ~ — r n v  na ch ine : ;  ( ~~~~~~ !IV ?) are note of f ic i et i t , m t

r u - I ;ic I-i ‘ x— i’ t ’ ’  ~1us j axi  t m , ’:’ ~,‘ in r ’  h i . i vo  p r o ot ’ r [at  t ’ns i t  ics f o r  i ‘, iven

p - ’i - ’cr 1isci p;m t i u n .

- ~~~ ~~; :— ~~~~~~
-
~~~~~~~~~ ..~~~~~~~~~~~,
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‘ l : x ’  i’ , i , i I ’ ” I  ‘I t h  of in i -‘ i’’ ’ r e ’ fo rs  ;, ~iie ,’ r i n ” . ’ 1u ~ ‘ ‘-c que ’~c ics ‘‘r ,‘‘o’ m

t o  th e  , t ; m . m I i u ’ ,  l i m p , ’ ci ‘, ; m , m l • -\ c ori p i ‘ ‘t e l ’ :  ‘,rt ’’,’ [i a  ;e ‘ o n t a  I’m;; ‘ m m !  ‘.‘

ii fo  ro,i t j , n , sjh j l~’ , i ru  il , ‘i’ t wi tim 1 i - l u  sun t I ;u I fr c i ’u x ’nc i i ’ t’ ;,‘i I I

tr iui slat ” -l to t ’ a ; ; i ” n a l  ru t h  h i - ’ , i i  ; t o . i l o ” ,  f r e u ’ i x ’;i ’ i . ’s “,‘ t h e  ~c :~n~~[:’, ”,

process. The I’antlx’t !th of th e  r e s u l t  i - i ’, , u l ’a 1 o ’  si” . n~r I  h i ’~’~~;i ! s  on t h e

n i m ’ m h e r  of  j a a -~~’ e ’l . .’nen t s li ’,’ i - ! ’ l  by the  t o t a l ,  scan tise . I~ the m - c

,‘x ’~’r t r’,cru t ;; , t \ ’O iCa l  s c a m i  t in t’s of f i v e  to t w ’ n t ’ -’ “m in u t e ; ;  w ( ’ r. ’ , I m ;~ ’~i to

scan ,i ~~
“ by 4” oh j e c t ~ re s imu p a our ,’ r m i l L i ’ a e t e r  l”e;un coflinator. ‘This

r e s ul t s  i n  . i h o u t  ~ I~~
) p - t s e l  s q u ar e  p i c t u re  ( l fl , fl Ofl r l x - ’I s ’ cne ’a to ’ ’ in

t h ’ ~;r  6 )11 s,’ c m u i ; h s .  The b ; t p d t j i r l t b i  of  the r ’ s u~ t lu ” ,ma:1 i,ot’ sj”;cil ‘,i~~’’s

f r u n  - I c  t o  I ~“~~“

‘p m ; ’ .in.m l o”, c ” ; mt e o m  -inst he , a h l o  t o  p 0 c m ;  t h o ~~o rre ’~~m i~’:icv s i - s o n i c .

‘‘ ;u o x ’i a ”  t I m e ’ h i p h e s t  f’r c r m m e o c ”  ~m n o t o ’, ci, ‘, m ; , ; l  ‘f interest ii lox’s the iso

o “ l u t z  ‘u :i cc f ii  t e r  I;;’’, to sup;’ r ’’;; s nO is. ’ m d  untu,’mmm ted lii ‘ , lm f t  e’one’l c ‘,‘

i a t . ’ r f  ‘r e l i c”

.\ r oil lie a—ri’ -’ s c o m m n e r , Ic. one tha t cre ’;’ t~’s ‘i ‘ - m~’~~sc at t er  i r m . m ’ ’ o

O L  ~ T’! irnac rot ’’ of I ’ - i ’i ;t ” ,e s r em’ second , m i s  . m t ’er ’.’ iit’’’ t ’ h .i idm’t i t I ’

,
~ : ;t an th i r t !  TV trmat ~o Ii , im ;  abou t  5fl0 l i ne ’s  w i t h  ~ I’.d ‘ ‘ ‘o i ;u t s  no r  I I’’.’

.1 ~~ * p ixo  1 m ;~ , ‘, O i i t ’r a t  o~l in hi’ ni Ills” ,’ cend mm (Inter I , im ,’ e’ ,I ‘t f u r  m

1 tIm oh’ 4 ‘lb ,‘ . The ’ la ’nn Iwo I I  V I ’ m , ’ on o c ’I m  p o i n t  i s

c nr r . ’u z p on ’i  iii” , b y sicil I , . 1”  ‘“i c rn ’;, ’i’,” n I ; ;  c c”i ”~ ri ’d to the,’ ; i ,— r , iv  mec1 ’ , r ~ [ c i i

[ m i ; i ’ ’ ,  ifl~ s - c t ,‘:u m i t ’ e~ 1 1 ‘f f-  i i i  I I I ;h ’c~’f l !  m m .

:hmv e r i l  p r o h b e ” -m o n i c~’ f or  r ea l tine I’nckcc;itt .’r Irma”, in- ’ . ‘Pi.’

~ i ’ . ‘.e’st ’;”ri”i”~ en is tIc’ b r  ~e limo r e - I ; ;e  tO flux tb - i t is r”oiired t o

~~~~~~ “a f ’ mt ,,mIn reasonable m u i m u t u r u  stat l s tj c i . ‘\ 1 m t t~ ’e ’r um ’ ”’ l en 1;; tha t tIit ’

~~‘ 1  ‘ o t o r m ;  m i u s t  he f i s t  ~ fl x i i i ” h  to 1,e .’” tn ’ with VIse ~h a t i  t n t ’ .
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~o d i ’ m  ho  h t i - ’ s c i ’ m t i l i a t i o i m  e’ m ’ ” ; t - m l’; o r e ’ lie ‘ m o st  “ f f t c i ’ ’n t  ‘ l e t e c t o r

of  x— ; ’ , u ” s , ‘u t  l iV e ’ 1 r e l a t I v e l y  s lo w  .‘
~~~ m ’ ; i c r o ’s e’i : i ) n ( I )  r x s s m u o ; m s ’ t l o c .

“last Ic cc tat t l  1 :m to r  c r” st : i l s  h ave nan o se co umel  r e sponse  t i - c ’ hut -m r. ’

r e l , i t iv e l ’~’ poor .Ie ’ t~~c tor s  of  ‘<—r a ’ .’s . Tb i s  ~ r u1 ’ 1erm can ~e solved b y

r e  m m ; ~ I r ’’, th e ~m ; i h i , ’ t’ of scan I. in c ’ s  is ha I, f , or red no I nut t In ’ frame r o t t  to

15 i r . m m ’ u m ” s  ~uer  second .

The b a r ” . ’  mc r e a s .’ in f i n n s  r e q u i re d  is ‘i f i r  ;i - ! , m h l e  ;‘ro m” ’en xui t h  t Im e

p r e s en t  x — r i ”  aen e r at o r  t cch n o l o ’y .  Ph o ton noise  wi, 11 he h i” h  t i-i any

h o c k ’s cn t  t. ’r imaa ” e  m a n i c  in all l,ioe,’onrh s • ‘~o u n ’  I;’d” e’S — ‘a” be to le ’rable

t i ’ u t i ’ ’ , h i  , i f  d L , i ” n i ’st i C  i n f o rm a n t  ion  c a n  be e” st r a c  l o b  1r a ; ’s t i m e n u .  ‘h ost

l,;uc s c a t t e r  i ’ s a ’iu ’  , .‘xce n t  f o r  S !ieCi’ i l  -ipp l ic;itions , ro emm ir eu s second s

t o  se~’, ’r ah  ~i 1i5itt ’ ’m; to create a ‘no.! q u di t ’ ’  t :’ua’’, e .

‘a

-

~~~~~ L ~ ~~~,
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l i  ‘,~‘ ener~ ’.’ rad iation can m m n n l e r ”,o ‘many s ca t te ri v ’,s before absorption

in  the ea t en - i l .  ~ho cons  t h a t  s cat t er  in to  o t h e r  p ar t s  of the oh j ect ,

.‘m rm d then s c a t t e r  b ack  in to  the ‘l ete c tu - i r , nu au se  an e r ror  iii the d e n s i ty

ome:m sur en e r m t of the d e sir e d  po i n t .  T h ia  is because some of the photons

‘n a v e  s c a t t e r e d  [ron o the r  areas whose d e n s i t y  “iay be ‘~1 ic fe r en t .

‘ln ~l t i n le  s ca t te r in c~ has been a problem in r i ama rma ray s c at t e r i t mr ~

d e ns i t or n e t r y,  o f t e n  l iomi ti n ~ neasurenent  precis ion to within ten

p e r c e n t .  Collir- ’iation of the d e t e c t o r , so that i t  views only a snail

n o r t i o n  of the  ob jec t  under  stud y ,  red uces de tec ted  “mul t ip le  s c a t t e r  at

t h e  expense of lowe r ph o t o n  s t a t i s t i c s  and hi ’~her dose r a tes .

~‘u l ti ple s c a t t e r  has lot  een a ser ious probl ema in ‘:—ra’I backsca t ter

in a” ,inc l . This  is probab ly a t t r i b u t a b l e  to the towe r e�ner’~ies emp loyed

conpared  to ‘~armi ’m a ray t e c h n inu e s .  Lowe r enerc ’,y photons  w i lL  on the

ave ra~’,e s ca t t e r  a fewer number  of t imes b e f o r e  absorp t ion .  ft appea r s

t h a t  szi th  the  5’l ’ to 150 I~VP range  of en ert ~ics used , sing le sca t t e r  is

h’-’ f - a r the doominant usm tcmraction.

( lo l l imaa t ion  of the d e t e c t o r  was t r i ed  in th is  work , hu t  i t  did not

s u b s tan t i a l l y increase the q u a l i t y  of any of the i-’na’!es. Co l l im a tIon

a c t ua l l y  t ende d  to degrade the isia’~e by reduc tion of photon s tat i s t i c s .

;t ‘i
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The t och niques presented th rou ghou t  this  research can he appl ied to

i m agi n c~ as used in nondes t ruc t ive  t e s t i ng  and q u a l i t y  c o n t ro l .  The

pr inci pal app lica tion is probab ly to those situations which cannot be

rad iogr aphed at present because of l imi ted  rear access.

One common use for backscatter radiography would be to radio~ rapb

welds from one side. gackscatter i~ma m~ing has the ad~’antages of

ul t rasoun d with respect to one sided access . Radiograp hy ,  however , is

not  hampered by large voids or spaces In the material  which can prevent

an u l t r a s o u n d  examination.

~‘igure 31a shows a ~~
“ long T weld on 1/4” alurminum p la te .  ~ole s were

d r i l led  up th rough  the weld from the bottom to various depths from the

s u r f a c e .  This was to simulate de fec t s  in the weld.  Figure 31b shows a

hackseatte r  irmage of the welded 1’ loo’-i-Ing in to  i t  f rom the weld sur face .

The dark spots in the radiograp h are regions of lowe r sca t ter  resu l t i i -m u~

f rom the simulated “defec t s” in the weld.  Other  r ad iograp hs nade in

th i s  research show what mi ght  he expected in terms of resolution and

p e n e t r a t i o n  depth in aluminum .

Si3n i fican t p e n e t r a t ion  in dense mater ia l s  such as Iron requires

h i g h e r  pho ton  energies. The x—ray  machine  used in th i s  research could

not  sca t te r  image through even 1/3” i ron.  An ir id iuru—19 2 gamma ray

isotope , uzh ich has a mean energy of about  ~u0 fl T~EV , was subs t i t u t ed  for

the x—ray nachiri e to at temp t backscatt er  imaging throug h iron.  This

r ad ioac t ive iso tope is comnonly used in i n d u s t r y  to rad iograph 1/2”

thick steel mater ia ls .  The available source had an ac t ivi ty of aol;’ 200

n i l l i c tir i e s , about ten to a hundred tines weaker than avai lable  in

t. “ ____
_ _ _ _ _ _ _~ — — “‘ ‘-——“&‘—
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Fig. 31. Backscatter Im ag i n g  of Welds;
a) Backscattor Image of Welded Aluminum ‘T ’ Joint

Seen Looking into Weld from the Top,
h) Photograp h of Welded ‘T’ Joint Seen from End .

- 

- - ., 

- - ~~~~ 

- 

-

______________________________________________ ~—-.—~-—~- -~~‘~ 
-~ 

- 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~ — ~~~~~~~~~ ~,_ _ __ _ _i,4.i ‘~~~ ‘~‘



S”-.S-’~~~~- - 
- - -

~~—- ----.~~~~

107

in.~u s t r” . The hacksc~ ttor i .laoes produc ed were necessarily of ‘iuch

lower qualit ’.’ than po ss th l e  to attain with  h i -~her flux sources. The

source ~‘as used with a 2—3mm bean collimator to improve photon

statistics at the expense of resolution.

~
‘i~ itre 3Pa shows an ~~

“ long adjustable wrench beneath a 3/1t” steel

plate. This object was selected princi pally to demonstrate the

feasi~ ilitv of industrial backscatter imaging . Three—sixteenths of an H

inch is near the max imum imaging depth possible wi th  this experimental

setun . Imaging depths up to 3/3” in steel should he feasible with  more

~nt~nse. iridium sources. ri-~ure 32b shows the test oblect with the steel

shield turned over. 
-
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F i b .  32. Gamma Ray Backscatter Imaging;
a) Backscatter Image of a Wrench Beneath a 3/16” Steel Plate

Using an Iridium—192 Gamma Source,
b) Photograph of Wrench with the Steel Plate Rotated on End .
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